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Abstract 

Background: An increasing number of studies suggest that physical activity can alleviate symptoms of ADHD in 
children. In adults there are currently insufficient data available on this subject. Interestingly, ADHD and forms of 
excessive exercising have both been shown to occur more frequently in adult athletes. The aim of the present 
study was to empirically investigate the association of ADHD and excessive exercising in the adult general 
population. 

Methods: For diagnosis of adult and childhood ADHD a large representative sample of the German general 
population (n = 1,615) completed a retrospective assessment of childhood ADHD and a self-report assessment of 
adult ADHD. Excessive exercising as well as putative mediating variables such as eating related psychopathology, 
depression, and anxiety were assessed using standardized self-rating instruments. 

Results: Individuals with childhood only ADHD had a significantly higher frequency of excessive exercising (9.0%) 
than individuals without ADHD (2.7%). Excessive exercising was significantly associated with childhood only ADHD 
compared to no ADHD with an odds ratio of 3.239 even after controlling for socio-demographic variables, BMI, 
eating related and general psychopathology. 

Conclusions: Our data show that excessive exercising is significantly overrepresented in individuals in which ADHD 
symptoms in childhood have not persisted into adulthood. We thus hypothesize that a subgroup of individuals 
might suppress ADHD symptoms by excessive sporting activities. Although in healthy adults physical activity has 
been associated with immediate and long term improvements in cognitive functioning, studies empirically 
investigating associations between the effects of physical activity and adult ADHD are rare. Further studies are 
warranted to explore the potential role of physical activity in the treatment of ADHD in adults. 

Keywords: Attention-deficit/hyperactivity disorder, Excessive exercising, Physical activity, Exercise, Adult, 
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Background 

Attention-deficit/hyperactivity disorder (ADHD) is a com- 
mon neurodevelopmental disease, clinically defined by its 
characteristic core symptoms of inattention, and/or hyper- 
activity and impulsive behavior [1]. The symptoms usually 
cause functional impairment in social, occupational and 
academic terms [2]. Structural and functional deficits of 
attention and executive function processing brain net- 
works have been shown in children and adults with 
ADHD [3,4]. Furthermore ADHD has been associated 
with reduced levels of brain-derived neurotrophic factor 
(BNDF), central for normal brain development and vital 
to the survival and differentiation of neurons and synapses 
in brain areas essential for memory and learning [5]. 

Traditionally, ADHD has been seen as a self-limiting 
childhood disease, but recent research has revealed that 
in most cases major symptoms of the disease persist into 
adulthood [6,7]. It is estimated that ADHD has a preva- 
lence of 5.3% among children and adolescents and 2-4% 
in the adult general population [1,8,9]. In a 10-year fol- 
low up study, Biederman et al. [10] found that young 
adults diagnosed with ADHD were at high risk for a 
wide variety of comorbid psychiatric disorders including 
increased rates of antisocial, mood, anxiety and addictive 
disorders. Likewise eating disorders have been associated 
with ADHD [11]. 

There is a growing body of evidence pointing towards 
the positive effects of physical activity (PA) on ADHD 



symptoms and executive function in children [12,13]. 
Table 1 gives a literature overview on effects of regular 
physical activity on ADHD symptoms in children. We in- 
cluded studies with moderate or vigorous intensity PA ap- 
plied continuously over several weeks. Additionally, there 
is evidence that single bout [14-16] and lower intensity PA 
[17] have a positive effect on executive functions, impul- 
sivity, response inhibition and performance in reading and 
arithmetic. However, most of these studies are small and 
uncontrolled. There is also a remarkable paucity of studies 
empirically investigating associations between the effects 
of PA and adult ADHD, despite the fact that PA has been 
linked to immediate and long term improvements in 
cognitive functioning in healthy adults [18,19]. BNDF, an 
important biomarker of the disorder, is significantly in- 
creased by regular physical exercise [20,21]. To our know- 
ledge there is currently only one paper published on this 
subject (Pubmed research May 2014). Abramovitch et al. 
[22] found in an exploratory study, that frequent aerobic 
activity reduced intrusive thoughts, worry and impulsivity 
in a sample of 30 ADHD adults. According to anecdotal 
reports of patients with adult ADHD, PA can be a strategy 
to cope with ADHD symptoms. In some cases; however, 
frequency and intensity of the PA may reach an unhealthy 
level and become excessive. Excessive exercising should 
not per se be seen as a pathological form of behavior [23] . 
However, if individuals become preoccupied with exercis- 
ing and if exercising is intensively time consuming 



Table 1 Summary of studies investigating the effects of regular moderate-to-vigorous intensity exercise in 
children with ADHD 



Study 



Study design 



Participants Type of exercise Key outcome measures 



Findings 



Kang et al. RCT (exercise versus education 
201 1 [31] for behavior control*) 



Chang et al. Controlled , non-randomized 
2014 [32] (exercise versus no exercise) 



Verret et al. Controlled, non-randomized 
2012 [33] (exercise versus no exercise) 



Smith et al. Open study, 
2013 [34] 

No control group 



(28 male) 

Mean age 
8.6 years 

n = 27 

(23 male) 

5-10 years 

n = 21 
(19 male) 
7-1 2 years 

n = 14 
(6 male) 
5-8 years 



Twice a week during 
6 consecutive weeks, 
moderate to vigorous 
intensity 

Twice a week during 
8 consecutive weeks, 
moderate intensity 
aquatic exercise 

3 times a week 
during 10 
consecutive weeks, 
moderate to vigorous 
intensity 

8 weeks of daily 

moderate-to-vigorous 

intensity 



Korean ADHD Rating Scale 
(K-ARS-PT), Digit Symbol and 
Trail-Making Test (TMT-B) 



Basic Motor Ability Test 
Revised (BMAT), Go/NoGo Task 



Child Behavior Checklist 
(CBCL), Test of Everyday 
Attention for Children (Tea-Ch) 



Broad range of measures 
including subtests from 
Wechsler preschool and 
Primary Scale of Intelligence 
(WPPSI-R), Wide Range 
Assessment of Memory and 
Learning (WRAML-2), 
Woodcock-Johnson III Test of 
Cognitive Abilities (WJ-III). 



Greater improvement in 
attention symptoms, cognitive 
functioning and 
cooperativeness scores 
compared to control group. 

Greater improvements in 
accuracy associated with NoGo 
stimulus and coordination of 
motor skills compared to 
control group. 

Greater improvements in 
behavior reports by parents and 
teachers, information 
processing and auditory 
sustained attention compared 
to control group. 

Largest Improvements in 
response inhibition / 
impulsiveness and behavior 
reports by parents, staff and 
teachers compared to pre- 
exercise levels. 



"Additionally, methylphenidate treatment was newly established in both groups. 
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resulting in the neglect of work, social life and health, ex- 
ercise dependency (EXD) can be considered [24,25]. Ex- 
cessive forms of exercising and ADHD have both been 
shown to occur more frequently in athletes [26-28]. Fur- 
thermore there is evidence that persons conducting exces- 
sive forms of physical activity commonly do so to 
suppress symptoms of anxiety, irritability, and restlessness 
[29,30]. 

This is the first study empirically investigating the as- 
sociation between ADHD symptoms and excessive exer- 
cising in a representative population-based sample. 
Based on previous research and our own clinical experi- 
ence, we hypothesized that individuals with positive 
ADHD screening results will be more likely to meet cri- 
teria of excessive exercising. A strong link between ex- 
cessive forms of exercising and eating disorders (e.g. 
[35,36]) as well as anxiety and depression [37] have been 
found. Therefore information on anxiety, depression, 
and eating behavior was gathered to control for putative 
mediating variables. 

Methods 

A representative sample of the German general popula- 
tion was selected with the assistance of a demographic 
consulting company (USUMA, Berlin, Germany). The 
sample was selected to be representative in terms of age, 
sex and education. A total of 2,520 people aged between 
14 and 93 years agreed to participate and completed the 
self- rating questionnaires (participation rate: 61.9% of 
valid addresses attempted) between November 27 and 
December 16, 2009. A more detailed description of the 
procedure has been published in [11]. All respondents 
whose age was below 18 (n = 100) and above 64 years (n 
= 695) were excluded from the present study. There is 
concern about the accuracy of retrospective recall of 
childhood symptoms and about the validity of the self- 
rating instruments for childhood and current ADHD 
symptoms in older adults. In addition, participants who 
did not fully complete the central diagnostic instruments 
(WURS-k and ADHD-SR for ADHD and EDS-21 for ex- 
cessive exercising) and those who did not provide weight 
data were excluded from further analyses. This resulted 
in a final sample of 1,615 individuals for analysis. The 
population-based survey met the ethical guidelines of 
the international Code of Marketing and Social Research 
Practice by the International Chamber of Commerce 
and the European Society for Opinion and Marketing 
Research. The survey was approved by the ethics com- 
mittee of the University of Leipzig Medical School. 

Assessment 
ADHD 

Standard self-report screening instruments were used to 
assess childhood and adult ADHD. The German short 



version of the Wender Utah Rating Scale (WURS-k) [38] 
was used to retrospectively rate ADHD symptoms in 
childhood. The WURS-k consists of 21 items on a five- 
point Likert-scale (0-4, "not at all" to "severe"). We used 
a cut-off score of > 30 to indicate the presence of a diag- 
nosis of ADHD in childhood (age 8-10 years). This cut- 
off was proposed by the authors of the questionnaire 
with a sensitivity of 85% and a specificity of 76% for 
childhood ADHD [39]. The internal consistency in our 
sample was .88 (Cronbach's a). 

The ADHD self-rating scale (ADHD-SR) [40], was used 
to assess current ADHD symptoms. Based on the DSM- 
IV ADHD diagnostic criteria it includes 18 items to be 
rated on a four-point Likert-scale (0-3, "not at all" to "se- 
vere"). Subscale scores for inattention, hyperactivity, and 
impulsivity can be calculated. We used a cut-off score of > 
15 to indicate that participants met criteria for adult 
ADHD. This cut-off has been suggested by the authors of 
the questionnaire and has shown to exhibit a sensitivity of 
77% and a specificity of 75% for adult ADHD [40]. The in- 
ternal consistency in our sample was .92 (Cronbach's a). 

Both the WURS-k criteria and the ADHD-SR criteria 
had to be fulfilled for participants to be rated as likely 
cases of adult ADHD. We grouped the ADHD diagnoses 
into three mutually exclusive categories: never met diag- 
nostic criteria (no ADHD), met full childhood criteria 
with no current symptoms (childhood only ADHD), and 
met full childhood criteria with current symptoms (adult 
ADHD). 

Excessive exercising 

The Exercise Dependence Scale (EDS-21) can be used to 
identify individuals performing excessive forms of exercis- 
ing. Originally developed as a screening tool for exercise 
dependency [30,41], a total EDS score above 77 has previ- 
ously been proposed as indicative for "exercise depend- 
ence at-risk" with a sensitivity of 1 and a specificity of 0.97 
[42]. However, recently Muller et al. [23] have examined 
the concordance of the EDS with an interview-based 
diagnosis of EXD by assessing 134 subjects with both 
methods. They reported that the agreement between as- 
sessment methods is only fair to moderate with more false 
positive categorization by the EDS. They concluded that 
while the EDS does measure key factors of EXD, the clin- 
ical value of a high EDS score, however, remains debatable 
and probably points to the fact that the EDS not only 
measures exercise dependence traits but also other forms 
of "excessive exercising". Similarly, Phelan et al. [43] con- 
ducted a study comparing PA and EXD between a group 
of successful weight-loss maintainers and a normal-weight 
control group also using the EDS-21. They found a signifi- 
cant difference between groups with significantly higher 
EDS-21 values in the weight-loss maintainer group. They 
concluded that this significant difference in EDS scores 
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between groups appeared to reflect only subclinical symp- 
toms of EXD and was more attributable to exercising for 
weight control than on what they called the "unhealthy" 
aspects of EXD. Considering the results of these 2 studies, 
a cutoff of score >77 was used to assess clinically relevant 
levels of excessive exercising for the purpose of the 
present study. 

In the present study the German version (EDS-G) of the 
Exercise Dependence Scale was used which has been vali- 
dated in a German general population sample [42]. The 
21 items are rated on a six-point Likert scale ranging from 
1 (never) to 6 (always) with three items per subscale. The 
total EDS-G scale shows an excellent internal reliability 
(Cronbach's a in the present sample .97). Higher mean 
scores are positively related to a stronger incidence of ex- 
cessive exercising and have additionally been linked to eat- 
ing disorder symptoms. 

Eating behavior 

Typical aspects of eating-disorder related psychopath- 
ology were assessed using the German version of the 
Eating Disorder Examination Questionnaire (EDE-Q) 
[41,42]. The EDE-Q is a self-report questionnaire with 
good reliability and validity [44], German version [45] 
which is comprised of 4 subscales and a total score. For 
the purpose of this study only the EDE-Q total score 
was used. A global score threshold of >2.30 has been 
empirically derived [46] and was used to assess clinically 
relevant levels of eating disturbances. The internal 
consistency in our sample was .97 (Cronbach's a). The 
BMI (kg/m 2 ) was calculated based on the participants' 
self-reported height and weight. A BMI > 30 kg/m 2 was 
recorded as obesity. 

Depression and anxiety 

The German version of the Patient Health Question- 
naire (PHQ-4), an ultra-brief 4-item self-report ques- 
tionnaire, was used as an overall screening tool for 
depression and anxiety [47], German version [48]. It 
contains a 2-item depression scale (PHQ-2 [49]) and a 
2-item anxiety scale (GAD-2 [50]). The symptoms are 
assessed for the last 2 weeks and for each of the four 
questions the response options range from 0 ('not at 
all') to 3 ('nearly every day'). The subscales PHQ-2 and 
GAD-2 are highly intercorrelated (r = 0.61) and the au- 
thors of the scale therefore recommended considering 
the PHQ-4 total scale as an overall depression and anx- 
iety screening tool. For the analyses a dichotomous vari- 
able with a cut-off of 6 and above was used. This cut-off 
has been suggested to screen for the presence of a 
depressive or an anxiety disorder, representing a per- 
centile of 95.7% in a large population based sample 
(N = 5,030) [47]. 



Statistics 

All statistical analyses were conducted using the statistical 
package for social sciences (SPSS V21) for Windows. Indi- 
viduals without ADHD (noADHD), with childhood only 
ADHD (coADHD) and with adult ADHD (aADHD) (3 
categories) were compared on several variables using chi 
square tests and pair-wise contrasts with chi-square tests 
between two groups for categorical variables as well as 
ANOVAs with Tukey B post-hoc tests for continuous 
variables. 

Multinomial logistic regression analyses were conducted 
with ADHD categories as the dependent variable and ex- 
cessive exercising as the main independent variable. Re- 
gression analyses were carried out in 3 steps: without 
adjustment, controlling for socio-demographic variables 
(sex, age, and educational level and employment status), 
and controlling for socio-demographic variables as well as 
BMI, EDE-Q, and PHQ-4 cutoff scores. An alpha-level of 
0.05 was adopted for all tests. 

Results 

A description of the total study sample (n = 1,615) and 
by groups is given in Table 2. The mean age of the sam- 
ple was 43.3 (SD 12.7) years. There was a significant dif- 
ference between the noADHD and the coADHD groups 
with coADHD individuals being significantly younger 
(Table 3). Of the total sample 53.7% were female, 8.6% 
were unemployed, and 15.8% had finished high school 
or attained education beyond high school. Screening for 
current depression and anxiety with the PHQ-4 (cut- 
off > 6) revealed positive results in 5.7% of the sample; 
4.6% of the sample screened positive for adult ADHD 
with a persistence of ADHD-symptoms from childhood 
into adulthood of 41.6%; 3.1% (n = 51) screened positive 
for excessive exercising. The prevalence of depression/ 
anxiety and eating disorders, as well as the distribution 
of gender, weight, employment, educational, and marital 
status among noADHD, coADHD and aADHD sub- 
groups are in line with earlier literature reports 
[11,51,52] (Table 3 and 2). 

aADHD (37.0) and coADHD (37.5) both showed signifi- 
cantly higher mean scores on the EDS-G compared to the 
noADHD group (31.5); however, these values are rather 
low and they are close to the range of the norm population 
[42]. Mean scores among eating disorder patients or clients 
of fitness centers have been shown to be approximately 
twice as high [23]. Therefore a cutoff >77 on the EDS-G 
was used to define values in a putative pathological range 
and assess clinically relevant levels of excessive exercising. 
Individuals with coADHD showed a significantly higher fre- 
quency of excessive exercising (9.0%) than individuals with- 
out ADHD (2.7%) (X 2 = 11.252, df = 1, p = 0.001). There was 
no difference between individuals with coADHD and 
aADHD (4%) ( X 2 = 1.619, df=l, p = 0.2) and between 
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Table 2 Sociodemographic characteristics, PHQ-4, EDE-Q and EDS-G results for the total sample and the ADHD 
subgroups 





Total 


noADHD 


coADHD 


aADHD 


x 2 




(n = 1615) 


(n = 1451) 


(n = 89) 


(n = 75) 


(df = 2) 


Female 


53.7 


54.9 a 


32.6 b 


54.7 a 


16.9; p< 0.001 


Never married 


27.5 


26.1 a 


42.7 b 


37.3 b 


15.5; p< 0.001 


Unemployed 


8.6 


7.9 a 


7.9 a 


22.7 b 


19.8; p< 0.001 


High school or beyond 


15.8 


1 6.5 fl 


14.6 a 


2.7 b 


10.4; p = 0.005 


Obesity 


10.7 


10.5 a 


5.6 a 


21. 3 b 


11.3; p< 0.005 


PHQ-4 > 6 


5.7 


4.5 a 


6.7' 1 


28.0 b 


73.6; p < 0.001 


EDE-Q > 2.30 


4.4 


3.7 a 


4.5 a 


17.3 b 


31.4; p< 0.001 


EDS-G > 77 


3.1 


2.7 a 


9.0 b 


4.0 ab 


1 1 .3; p < 0.005 



Data are shown as percentages. Values with different superscripts are significantly different (pair-wise contrasts with chi-square tests between two groups). 
aADHD = adult ADHD; coADHD = childhood only ADHD; noADHD = no ADHD. 

PHQ-4 = Patient Health Questionnaire; EDS-G = Exercise Dependence Scale; EDE-Q = Eating Disorder Examination Questionnaire. 



individuals without ADHD and with aADHD (x = 0.459, 
df = 1, p = 0.5) in the frequency of excessive exercising 
(Table 2). 

Multinomial logistic regression analyses revealed that 
a mean score on the EDS-G above the proposed cutoff 
for excessive exercising was significantly associated with 
coADHD compared to noADHD with an odds ratio of 
3.239 even after controlling for socio-demographic 
variables, BMI, eating related (EDE-Q) and general psy- 
chopathology (PHQ-4). No significant association could 
be found between excessive exercising and aADHD 
(Table 4). 

Discussion 

The primary purpose of the present investigation was to 
analyze the association of ADHD symptoms with symp- 
toms of excessive exercising in an adult general population 
sample. We had expected to find that individuals with 
positive ADHD screening are more likely to meet criteria 
for excessive exercising. In summary, our results show 
that this only applies to the subgroup of participants with 



childhood only ADHD. The point prevalence of excessive 
exercising at risk was estimated to be 9% in individuals 
with childhood only ADHD as opposed to individuals 
without ADHD (2.7%) and individuals with adult ADHD 
(4%). The odds ratio for excessive exercising in the child- 
hood only ADHD group was 3.2 compared to the no 
ADHD group even after adjusting for putative mediating 
variables. 

A first concern may be that the ADHD-SR and EDS-G 
scales both measure excessive physical activity and asso- 
ciations between results of these questionnaires may 
therefore be due to an overlap of the questionnaire 
items. The authors have thoroughly screened and com- 
pared the items of the questionnaires and found an only 
trivial, negligible overlap concerning the measurement 
of physical activity (face validity) (e.g. ADHS-SR: "Item 
1: I am inattentive to details or lack diligence at work."; 
best match EDS-G: "Item 12: I think about exercise 
when I should be concentrating on school."). We also 
found the prevalence rates of adult ADHD symptoms, 
their persistence into adulthood and of excessive 



Table 3 Age and questionnaire results 





Total 


noADHD 


coADHD 


aADHD 


ANOVA, F 




(n = 1615) 


(n = 1451) 


(n = 89) 


(n = 7S) 


(df=2) 


Age 


43.3 (12.7) 


43.6 (12.6) a 


40.1 (12.5) b 


40.7 (13.6) ab 


4.907 
p = 0.008 


PHQ-4 total score 


1.5 (2.1) 


1 .3 (2.0) a 


1.5 (2.1 ) a 


4.1 (3.2) b 


66.779 
p< 0.001 


EDE-Q total score 


0.5 (0.8) 


0.5 (0.7) a 


0.5 (0.8) a 


1.0 (1.1) b 


1 6,754 
p< 0.001 


EDS-G total score 


32.1 (16.8) 


31.5 (16.2) a 


37.5 (22.8) b 


37.0 (19.5) b 


8.748 
p< 0.001 



Data are shown as mean and SD. Values with different superscripts are significantly different (Tukey B post-hoc tests). 
aADHD = adult ADHD; coADHD = childhood only ADHD; noADHD = no ADHD. 

PHQ-4 = Patient Health Questionnaire; EDS-G = Exercise Dependence Scale; EDE-Q = Eating Disorder Examination Questionnaire. 
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Table 4 Multinomial logistic regression analyses 

EXD (>77 EDS-G) coADHD (vs. noADHD) aADHD (vs. noADHD) 
odds ratio (95% CI) odds ratio (95% CI) 
B, standard error, Wald B, standard error, Wald 

Unadjusted 

No 1 .0 1 .0 

Yes 3.576 (1.618-7.903)** 1.509 (0.455-4.998) 

1.274,.405,9.918 .41 1, .61 1, .453 

Adjusted for SDV 

No 1 .0 1 .0 

Yes 3.199 (1.340-7.638)** 0.693 (0.091-5.275) 

1.163, .444, 6.861 -.366, 1.035, .125 

Adjusted for SDV, 
PHQ-4, EDE-Q, BMI 

No 1 .0 1 .0 

Yes 3.239 (1.329-7.896)** 0.619 (0.077-4.960) 

1 .1 75, .455, 6.681 -.480, 1 .062, .204 

**p<0.01. 

Sociodemographic variables (SDV) = Sex, age, educational level, 
employment status. 

aADHD = adult ADHD; coADHD = childhood only ADHD; noADHD = no ADHD. 

PHQ-4 = Patient Health Questionnaire; EDS-G = Exercise Dependence Scale; 

EDE-Q = Eating Disorder Examination Questionnaire. 

Likelihood ratio tests for the models: 

Unadjusted: x 2 = 7.920, df=2, p = 0.01. 

Adjusted for SDV: x 2 = 50.846, df = 10, p< .001. 

Adjusted for SDV, PHQ-4, EDE-Q, BMI: x 2 = 88.709, df = 16, p < .001. 



exercising or "at-risk" EXD in the present study to be in 
line with earlier literature reports [6,8,53,54]. 

There are several possible interpretations of the re- 
sults. It is well known that ADHD has an increased co- 
morbidity with a range of psychiatric disorders such as 
conduct disorder, mood disorders, anxiety disorders, and 
substance dependence [55-57]. The presumption that 
the association between coADHD and an EDS-G score 
>77 is a hint towards an increased prevalence of exercise 
dependency as another comorbidity in individuals with 
ADHD, therefore, might seem legitimate at first glance. 
However this could not satisfactorily explain that such 
correlation cannot be found in the adult ADHD group 
where it would then be most expected to manifest itself. 
This implies that a proportion of coADHD individuals 
might suppress their ADHD symptoms by excessive 
sporting activities. Excessive exercising could thus be 
one possible factor to cope with ADHD symptoms in 
adulthood. Recent studies have focused on the effects of 
physical activity on ADHD symptoms in children (e.g. 
[13]) and the proposed underlying mechanisms might 
equally be applicable to ADHD in adulthood [21]. Using 
a meta-regression analysis, Lambourne et al. [58] 
showed that regardless of the type of exercise cognitive 
task performance improved after physical activity. 



Backmann et al. [59] have provided a theoretical 
framework for psychological compensation. They de- 
fined compensation as a change in the behavioral pro- 
file of an individual to counterbalance a mismatch 
between accessible skills and environmental demands. 
Three main dimensions were proposed: counterbalan- 
cing a cognitive deficit by increased time or effort, use 
of latent skills or acquisition of new skills. Concerning 
increased time and effort, Merkt et al. [60] have shown 
that individuals with ADHD compensate by trading of 
speed for increased accuracy when performing a task 
requiring a high degree of focused attention. Accord- 
ing to these studies, excessive exercising could be 
interpreted as the activation of a latent skill to decrease 
symptoms of ADHD. It remains uncertain however 
whether this is based on awareness of ADHD related 
deficits and reflects a deliberate decision to compen- 
sate or whether an automatic compensation response 
has been initiated. Although compensatory behavior is 
usually linked to awareness and deliberation, compen- 
sation for some, especially innate, handicaps can be a 
subconscious process [61]. 

It is assumed that compensatory behavior to increase 
functioning in a selected domain is carried out at the 
expense of functioning in other areas [61] and that con- 
sequences of compensatory behavior range along a con- 
tinuum of positive to maladaptive outcomes, which may 
explain negative impacts associated with excessive 
forms of exercising (e.g. physical injury, etc.). 

On a neurobiological level, research suggests that PA 
leads to increased cerebral blood flow in animal models 
[62] as well as improved cerebral structures and increased 
brain activity in regions associated with attention control 
processes in humans [19]. There is also evidence that it 
might promote brain plasticity [63,64]. Assuming a cat- 
echolamine metabolism defect as a key factor in ADHD 
pathogenesis, Wigal et al. [65] speculate that exercise in- 
duced alteration of the catecholamine release affects similar 
noradrenergic and dopaminergic systems that stimulant 
medications aim at and could therefore play an important 
role in modulating ADHD symptoms. The increased sport- 
ing activity of the coADHD individuals in our sample could 
therefore possibly be interpreted in terms of a (successful) 
self-treatment, alleviating ADHD symptoms in adults to a 
sub-clinical level. This could also be an explanation why 
ADHD has been shown to occur more frequently in ath- 
letes [26,27]. In a currentiy published literature review, 
White et al. [66] concluded that exercise may benefit many 
athletes with ADHD. 

The strengths of the present study include the use of 
standardized questionnaires in a large sample of the gen- 
eral population. By avoiding a self-selected sample or a 
clinical ADHD cohort, individuals outside of treatment 
settings and without diagnosed ADHD were acquired. 
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Though, due to the use of screening questionnaires no 
confirmed diagnoses could be made. With regard to the 
aADHD sample, sociodemographic variables such as the 
relatively high proportion of unemployed individuals and 
the rather low education status seem quite typical for 
adults with ADHD. Similarly the low rate of female gen- 
der among coADHD and the equal balance between 
men and women among aADHD, is well in line with 
earlier literature reports [67]. Nevertheless, the defin- 
ition of different groups based solely on self-ratings can 
be viewed as a possible shortcoming of the investigation. 
However it must be taken into account, that it seems il- 
lusionary to apply structured interviews in a general 
population sample of this size. Another limitation is that 
current medications or other therapies possibly applied 
were not recorded. Because the focus was set on an ex- 
cessive form of PA, there was no information gathered 
about regular "healthy" physical activity of the individ- 
uals. Because this study is partially retrospective the pos- 
sibility that there is an unknown confounder that might 
contribute to both a history of ADHD and excessive ex- 
ercise (rather than excessive exercise causally reducing 
ADHD symptoms) cannot be ruled out. Further research 
is therefore encouraged to examine the effect of physical 
activity on ADHD symptoms in adults. Ideally this 
would be a case-control study using a clinical ADHD 
cohort and questionnaires to record normal exercise be- 
havior. The age of onset and extend of excessive exercis- 
ing behavior should be recorded to allow for more 
accurate assessment of the self-treatment hypothesis in 
further studies. Furthermore, controlled studies explor- 
ing the potential of PA in the treatment of ADHD in 
adulthood are warranted. 

Conclusions 

This study is the first to investigate the association be- 
tween adult ADHD and excessive exercising. We found 
that individuals with childhood only ADHD demon- 
strated a higher prevalence of excessive exercising, 
which might help to suppress ADHD symptoms in 
adulthood in some individuals. Even though the causal- 
ity of this effect is supported by previous literature it 
cannot be confirmed due to the applied study design. 
However, if exercise therapy proves to have a benefit in 
ADHD patients, this would have important public 
health implications. This type of therapy is likely to be 
cost-effective, could be readily disseminated and would 
have a beneficial influence on many co-occurring psy- 
chiatric and non-psychiatric diseases. Further research 
is therefore encouraged. 
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